The activity of galactanase from Penicillium citrinum was enhanced by the addition of HgCl2 and KC1to the reaction mixture. The enhancement could be observed only wheno-nitrophenyl-/?- Among the metal ions tested, only HgCl2 was effective. KC1could be replaced by KBr but not byKF orKI.
galactobiose were used as substrates, i.e., not whensoy bean arabinogalactan and o-nitrophenyl galactobioside were used.
Among the metal ions tested, only HgCl2 was effective. KC1could be replaced by KBr but not byKF orKI. The extent of the activation depended on the concentrations of HgCl2 and KC1, and the maximumactivation (about 5.5-fold, as measured as the amount of o-nitrophenol liberated in a definite time) was observed when 0.1mM HgCl2 and 25mMKC1 were added. The activity enhancementwas also dependent on the concentration of ONPG. The activation was evident only whenthe concentration of the substrate was low and its extent decreased with an increase in the substrate concentration.
As previously reported,1} galactanases from Penicillium citrinum (galactanases I and II) hydrolyze the /M,4-galactosidic linkages in soy bean arabinogalactan in an endo manner.
The enzymes also exhibited activities toward ONPG, PNPG, and^-linked galactobiose (G2), which are generally considered to be preferable substrates for /?-galactosidases, i.e., exo-type enzymes. A lag phase was observed in the reactions of the enzymes whenthese low molecular weight substrates were used. In the previous paper,2) on the basis of the results ofa study on the actions of the enzymes on ONPG, we suggested that a series of ONP-substituted oligosaccharides, which would be better substrates than ONPGfor the hydrolytic activity of the enzymes, were formed during the lag period through a transgalactosylation activity.
In the course of these studies, the galactanases from Penicillium citrinum were found to be significantly activated on the addition of HgCl2 and KC1to the reaction mixture when ONPG, PNPG, and G2 were used as substrates. The lag phase of the reaction which was seen under the ordinary conditions was also seen in the presence of HgCl2 and KC1.
The present paper presents the details of this In the following experiments, ONPGwas used as the substrate because of the higher activity of the enzyme toward this galactoside than toward the other two.
Effects of various metal ions on the activity of galactanase To determine whether or not other metal ions could accelerate the reaction, the amount of ONP liberated from ONPGin a definite reaction time (25min) was measured in the presence or absence ofKC1. As shown in Table   5å Table II , the effects of halide ions on the activation were examined using potassium halides (Fig. 2) . F~and I" showed no activation at all concentrations tested. In the presence of F~, the enzyme activity was lost completely with HgCl2, but in the presence of I", inactivation was not observed. As shown in Fig. 2 , the extent of the activation at a definite concentration of HgCl2 depended on the concentration of Cl~or Br~, and maximumactivation in the presence of 1.0mMHgCl2 was obtained on the addition of about 50him KC1 or KBr.
Effect of the concentration of HgCl2 on the activity of galactanase The activity of the enzymeon ONPG was measured in the presence of various concentrations of HgCl2.
As shown in Fig. 3 , the extent of activation depended on the concentration of HgCJ2 and showeda maximum value.
The maximum activation was obtained with 0.1 mMHgCl2 when the reaction was carried out in the presence of 25mMand 50mMKC1. Bean Arabinogalactan as a Substrate Specific activity was determined under the standard conditions except that KC1 (50him) and/or HgCl2 (1.0mM) were added to the reaction mixture. The reactions were started by the addition of the enzyme solution. After 10 min incubation at 40°C, reducing sugar formed was assayed by 4'5] with reference to standard curves obtained in the presence of KC1 (50mM) and/or HgCl2 (1.0mM).
Additives
Specific activity KC1 HgCl2 (units/mg protein) (50 mM) (l.OmM) Effect of HgCl2 and KCl on the hydrolysis of determined in the presence of HgCl2 (l.OmM) soy bean arabinqgalactan and KCl (50 niM) with soy bean arabinogalac-
The specific activity of the enzyme was tan as the substrate.
As shown in Table III , the activity decreased to 74% of that detected under the standard conditions. Effect ofHgCl2 and KCl on the hydrolysis of an ONP-substituted galactooligosaccharide As reported in the previous paper,2) a series of ONP-substituted galactooligosaccharides was obtained from the reaction mixture of the galactase when ONPGwas used as the substrate. They were easily hydrolyzed by the enzyme and ONPwas produced without a lag phase. One of these saccharides, o-nitrophenyl galactobioside (G2-ONP), was tested as a substrate in the presence of HgCl2 and KCl. As shown in Fig. 4 , acceleration of ONPliberation was not observed in the presence of HgCl2 and KCl, the activity being inhibited to 80% of that detected in the absence of the additives.
ONP'Liberation from ONPGat various concentrations by galactanase in the presence of HgCl2 and KCl The effect of HgCl2 and KCl on the liberation of ONPby the enzyme was examined at various ONPGconcentrations. As shown in Fig. 5 , activation was evident only when low substrate concentrations (5~7.5 mM)were used. When higher substrate concentrations (15~20 mM) were used, the extent of the activation decreased.
DISCUSSION
The reaction of the galactanase from Penicillium citrinum was found to be enhanced by HgCl2 and KCl. Activation was observed only when Hg2+ and Cl~or Br~were present together in the reaction mixture. The other substances examined did not activate the enzyme.
There have been few reports on the activation of enzymes by Hg2+, although the dihydrofolate reductase from chicken liver was reported to be activated through modification of a cysteine residue with several organic mercury compounds.6) IfCl" and Br" prevent the attack by Hg2+ which leads to inactivation of the enzyme, the activity would be enhanced by Hg2+ in the presence of the halides.
The activation of the galactanase reported here could be observed only when ONPG, PNPG, and G2 were used as substrates, i.e., not when soy bean arabinogalactan and onitrophenyl galactobioside (G2-ONP) were used. The former are substrates with which the enzyme shows a lag phase in the reaction, while the latter are those which are hydrolyzed without a lag phase. Furthermore, the activation could be observed only at lower substrate concentrations and the extent of the activation decreased with an increase in substrate concentration. As previously reported,2) transgalactosylation products, which have higher molecular weights than those of the starting substrates and which may be better substrates for the hydrolytic activity of the enzyme, are formed as intermediates. This may suggest, therefore, that the activation of the enzymein the pres-ence of HgCl2 and KC1 is related to the lag phase, probably to the transgalactosylation reaction.
